Meet the challenge
To weigh a certain amount of gas seems to be a straightforward task: fill a container, close it and put it on a balance. The container has a mass, which has to be determined while the container is closed and empty (evacuated). This is where the challenge begins. Usually, the density of the weights used to calibrate the balance differs from the density of the sample, and therefore buoyancy effects will bias the balance reading such that the apparent mass m 0 smp will differ from the actual mass m smp of the sample. Therefore, a buoyancy correction must be applied [1] .
The buoyancy correction is done as described in Eq. 1:
Besides the density of air ρ air at the time when the sample is weighed, also the density of the calibration weight ρ cal and the density of the sample ρ smp must be known. The density of the calibration weight can be obtained from its certificate, and ρ air can be calculated from the ambient conditions (pressure p, humidity ϕ and temperature ϑ) using Eq. 2 [2] : 
Dealing with gases introduces some additional challenges. The gas cylinders must be cleaned (sometimes the inner surface is coated), evacuated and heated to remove water sticking to their inner surface. This water changes the mass of the container and, in some cases, even reacts with the content, and must be removed. Afterwards, the container valve must remain closed. As the containers cannot be weighed with open valves, the density of the entire container is needed. Since the determination is a complex task, it is common practice to compare the mass of an empty reference container with the mass of the filled target container: the difference of these two masses is the mass of the added gas [3, 4] . This is a simple approach but no buoyancy correction is applied, and from the point of view of a metrologist, this is very unpleasant. Can a proper buoyancy correction for closed gas containers be applied in a more metrological approach?
is nitrogen and your second starting material (B) is argon. To simplify matters, these two gases are available as perfectly pure chemical substances. During the preparation of the gas mixtures, you realize that applying a buoyancy correction can hardly be done without knowing the density of your gas container, whether it contains gas or is evacuated. Determining the density of your gas container is also a very complicated task. You come up with an interesting thought: "Is there a way of determining a buoyancy correction factor without knowing the exact density of my container by just comparing the masses of two identical containers (one of them is evacuated and the other is filled with some gas)?" After some heavy thinking, you come up with the following conditions that must be fulfilled:
1. The densities of the two evacuated containers are identical. 2. Filling the containers does not change their total volume. 3. The ambient conditions do not change. 4. The containers are equilibrated to room temperature before weighing.
You lock yourself in your office for a few days, and finally a solution emerges. Your approach works as shown in Fig. 1 . You have two evacuated containers: container 's' (for 'sample') and container 'r' (for 'reference'). These two are nearly identical. Before container 's' is filled with gas A, both containers are weighed at time t 0 . The two readings m Finally, you add an additional amount of gas B to container 's' and repeat the weighing process. You obtain masses m 0 r;2 and m 0 s;2 , and ρ air,2 is calculated. A day before each weighing, the two containers are placed near the balance to allow them to equilibrate to room temperature.
Develop an equation to obtain the true masses of gases A and B added to cylinder 's' during this experiment and calculate their values using data provided in Table 1 . The density of the calibration weight ρ cal is 7950 kg/m 3 . Uncertainties have been omitted for simplicity.
